The methods comparison study described in accompanying manuscripts demonstrated the potential value of microbial source tracking (MST) techniques, but also identified a need for method 
INTRODUCTION
Microbiological source tracking (MST) techniques have been used in numerous locations to successfully identify the dominant source of fecal contamination. In Holmans Creek, Virginia, antibiotic resistance analysis (ARA) identified humans as the primary fecal source, and resulting septic improvements (pump-outs, upgrades, etc.) caused contamination levels to decline . F + RNA coliphage typing was used to demonstrate that birds were the major contributors of fecal contamination to a municipal reservoir in New York (Alderisio et al. 1996) , leading to a successful bird deterrent programme. In Avalon, California, Boehm et al. (2003) used human-specific markers for
Bacteroides/Prevotella and enterovirus to correctly identify human sewage as the main source of fecal pollution.
Despite a number of successful applications,
MST techniques are still under development. The accompanying papers of this issue describe an evaluation study in which MST methods were collectively found to be useful, but the study also demonstrated the need for method refinement (Griffith et al. 2003) . Library-based methods consistently identified the dominant source in blind seeded samples, but frequently identified sources that were not present Myoda et al. 2003) . Non-quantitative methods resulted in fewer false positives, but the highest correct classification rates were produced by methods that could identify only a limited number of sources. PCR of host-specific BacteroidesPrevotella reliably identified samples seeded with human or cow wastes, but was not yet able to identify other sources (Field et al. 2003a) . Virus methods consistently detected human contamination in sewage-seeded samples, but are not designed to identify samples containing fecal contamination from individual, healthy humans (Noble et al. 2003) . The third is method evaluation, as researchers in the field need to conduct additional and even more challenging studies than were undertaken in this evaluation study.
METHODS OPTIMIZATION
Library-based MST methods are currently the mostly widely used, but researchers are quite varied in their application of these methods Myoda et al. 2003) . Differences in implementation between practitioners are beneficial during the methods development phase, as a variety of options for improving method efficiency are still being explored. As method development advances, it becomes more important to assess which of these variations provides the greatest discriminatory power and accuracy. At even later stages of development, methods need to be standardized so that all practitioners can produce equivalent results. One part of optimizing the response is determining which bacterial species provides the greatest discrimination. In the accompanying evaluation study, ARA of
Enterococcus was found to produce better results than that of E. coli , though this could also reflect differences in antibiotic panels used or be specific to the samples tested. These kinds of confounding factors will need to be studied in a controlled setting before there is consensus on optimal methods for standardization.
Another important optimization need is library devel- (Hartel et al. 2002; Wiggins et al. 2003) , though further evaluation is warranted. The geographic applicability of a library is likely to be affected by a number of factors, including hydrology and animal migration patterns.
Temporal variability has been even less well studied.
Seasonal dietary shifts or changes in other selective pressures could lead to unstable libraries. At least one study suggested that libraries are subject to marked temporal variations (Jenkins et al. 2003) , while another found a library to be stable for at least one year . Ultimately, the selection of which marker type (e.g. phenotypic vs. genotypic) is optimal for widespread application may depend on which has the most stable host-specific relationship.
The future of MST may feature 'super libraries', which include profiles for bacteria that could be used over large The need for, and manner of use of, method combinations depends on the application. There is extra expense associated with using multiple methods and this cost must be considered in context of costs for an incorrect decision.
For instance, the cost implications are low and multiple methods may not be warranted in a rural, non-contact stream where the source is believed to be animal runoff.
In contrast, bacterial problems on Huntington Beach, California, were postulated to be from either urban runoff or an offshore wastewater treatment outfall plume that was reaching shore (Boehm et al. 2002) , with a several hundred million dollar cost for addressing the latter possibility. In the latter case, using several methods in combination would be financially prudent.
METHODS DEVELOPMENT
The most frequent applications of MST at present use library-dependent methods, but the future is more likely to focus on library-independent approaches. Libraryindependent methods offer many advantages. They have the potential to be considerably cheaper and faster because they do not require the investment in library development. They also have the potential for greater accuracy, since they focus on a specific trait rather than attempting to pattern-match a large number of isolates, some of which may be transient among species. PCR primers, designed to distinguish human and ruminant
Bacteroides-Prevotella, achieved 92% accuracy for presence/absence of both human and cow wastes during the methods comparison study (Field et al. 2003a ). Genespecific primers for a larger number of animals are under development and could expand the potential applicability of this approach (Field et al. 2003b) . Studies quantifying the genetic diversity of E. coli and other enteric bacteria have found that the host species is only one, possibly minor, factor related to genetic diversity (Ochman et al. 1983; Souza et al. 1999; Gordon & Lee 1999) . Multilocus enzyme electrophoresis (MLEE) was used for typing in these studies. MLEE analyses enzymes, while most of the molecular marker or genetic fingerprinting methods used for MST directly analyse nucleic acids.
Advances in molecular detection
Estimates of genetic diversity based on enzyme electrophoresis have been correlated with those based on DNA reassociation tests (Ochman et al. 1983) . In addition to host specificity, population genetics studies are needed to examine changes in microbial populations entering the environment from intestinal habitats.
This transition may be dominated by physiological adjustments, which could result in a relatively stable genetic population structure, or by natural selection, which could result in significant changes in population genetics (Savageau 1983; Gordon et al. 2002) . A limited number of studies have examined population differences during habitat transition using MLEE (Whittam 1989; Gordon et al. 2002) . These studies have revealed that the genetic composition of E. coli populations can change dramatically from intestinal to environmental habitats, suggesting that natural selection dominates during this transition.
These studies also demonstrated that a percentage of bacterial subtypes associated with particular sources could be identified in environmental samples. Adaptation, in the form of altered gene expression, has also been observed for E. coli in a simulated aquatic environment (Espinosa-Urgel & Kolter 1998). (Scott et al. 2002) . Knowing the relative risk from human, mammal and other animal fecal sources is a necessary precursor to using MST in routine monitoring/health warning systems. or which has as its purpose an interest to cause the advertised product to be used or purchased because of this publication.
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